Traditionally, state and federal wildlife agencies acquired wetland habitats primarily to provide waterfowl habitat, and managers focused on specific resource requirements of a few target species. However, providing resources for a diversity of waterbirds on local wetland complexes is becoming an increasingly common goal of many agencies (Knight and Bates 1995). Consequently, information on how different habitats composing a wetland complex contribute to providing resources for multiple species is required to improve wetland management and planning efforts (Fredrickson and Laubhan 1994).
Patterns of species diversity and community composition are related to ecosystem structure and associated processes (Samson 1996) . Use of wetland habitats differs among waterbird species depending on life-history requisites, and each species usually requires a variety of habitats during the annual cycle (Fredrickson and Laubhan 1994). Because spatial and temporal differences in the arrangement and availability of different habitats may influence patterns of use (Porter and Church 1987), simultaneous comparisons of resource use by multiple species on the same area can provide important insights regarding alternatives for wetland development, 1 E-mail:murraylaubhan@usgs.gov restoration, and management. Previous research efforts conducted on wetland community structure and habitat relationships (P6ysa 1983, Haukos and Smith 1993, Davis and Smith 1998) have concentrated primarily on species within taxonomic groups (e.g., shorebirds or waterfowl). Consequently, wetland management strategies typically have been developed based on information from only a narrow range of species and have not accounted for, or evaluated, impacts on other species (Heitmeyer et al. 1996) .
Breeding waterbirds have high nutritional and energetic demands (King 1973, Alisauskas and Ankney 1992), and can be expected to select foraging habitats that have a high abundance of accessible foods. Differences in hydrology and vegetation structure may produce differences in the composition, nutritional content, abundance, and availability of foods among wetland types and basins (Kadlec 1962, Kaminskid and Prince 1981, Fredrickson and Taylor 1982). Thus, characteristics of optimum foraging habitats may differ among species. Further, because nutritional requirements and behavior commonly vary among breeding stages (e.g., pair formation, egg laying, incubation; King 1973), the quality of different foraging habitats likely change over the breeding period for a species. Interspecific differences in morphology, 808 1975 ) and 1 of the largest colonies of nesting white-faced ibis in the state (Navo 1989). The area is composed of lacustrine and palustrine wetlands with hydroperiods ranging from permanent to intermittently flooded. We used a combination of water permanency and dominant vegetation to define 6 habitat types (1) seasonal wetland habitats (SW; 72 ha) that were generally flooded <90 days and contained no emergent vegetation, but occasionally supported submerged stands of horned pondweed (Zanichellia palustris); (2) short emergent habitats (SE; 628 ha) dominated by baltic rush (Juncus balticus), spikerushes (Eleocharis spp.), sedges (Carex spp.), and various grasses <40 cm tall; (3) semipermanent and permanent wetland habitats (SPOW; 231 ha) that were flooded throughout the study and contained no emergent vegetation, but supported submerged aquatic vegetation, primarily pondweeds (Potamogeton spp.), milfoil (Myriophyllum sibiricum), and common marestail (Hippuris vulgaris); (4) tall emergent habitats (TE; 223 ha) dominated by cattail (Typha spp.) and softstem bulrush (Scirpus validus) >40 cm tall; (5) saltgrass habitats (SG; 74 ha) dominated by inland saltgrass (Distichlis stricta) or occasionally Nevada bulrush (Scirpus nevadensis); and (6) upland habitats (US; 511 ha) dominated by black greasewood (Sarcobatus vermiculatus) and rabbitbrush (Chrysothamnus spp.).
METHODS

Habitat Availability
The spatial distribution of habitats, levees, and water transfer ditches on RLSWA was combined to estimate total biomass of invertebrates and seeds. Sample periods were selected to collectively overlap the prenesting and nesting periods of most waterbirds breeding at RLSWA.
We estimated the depth of flooding for the entire study area during each sample period by generating a hydrologic grid (5-m cell size) using TOPOGRID (Environmental Systems Research Institute 1996). Elevated roads and levees that restricted movement of surface water were input as contour data to generate a generalized surface morphology of RLSWA. The mean water depth in each 0.25-ha plot was assigned to the plot center and used as point data. Water depths in areas between plots were interpolated using TOPOGRID, which is based on the ANUDEM program (Hutchinson 1988).
For each species in the analysis, we used water depth to constrain our estimates of availability as follows: killdeer, 0.1-5.0 cm; American avocet (hereafter avocet) and white-faced ibis (hereafter ibis), 0.1-30.0 cm; cinnamon teal (hereafter teal), gadwall, and mallard, >0.1 cm; and redhead and Wilson's phalarope (hereafter phalarope), >5.0 cm. Categories were based on the range of water depths we measured at locations where each species was observed foraging during our study (J. H. Gammonley, Colorado Division of Wildlife, unpublished data). The amount of habitat flooded in each water depth category was determined by intersecting the habitat coverage with maps of water depth categories during each sampling period. We assumed all habitat types flooded to appropriate depths were accessible to ducks and ibis, but we did not consider TE habitats available to shorebirds because we did not observe shorebirds using TE during the study.
Waterbird Density
Estimating density and simultaneously documenting behavioral activities of species used in this study was not possible because the vegetation structure of many habitats would have required observation at distances (<15 m) that result in bird disturbance (e.g., flushing). Therefore, we used distance sampling (Buckland et al. 1993 ) and program DISTANCE (Laake et al. 1994) to estimate the density of all waterbird species observed within each habitat type. This technique accounts for variation in area sampled due to differences in visibility among habitat types, and also adjusts for the failure to de- . Based on time-activity data collected during our study, foraging was the dominant activity of each species during counts (J. H. Gammonley, Colorado Division of Wildlife, unpublished data). However, because we were unable to compare foraging activity among habitat types during counts, a primary assumption of our approach is that the proportion of birds foraging in each habitat type was similar.
We analyzed each species and habitat type separately to account for differences in visibility among species and habitat types. Data for each species-habitat combination was pooled across counts to facilitate model development and selection. Prior to modeling detection functions, we truncated 5% of the birds detected at the longest distances in each habitat (Buckland et al. 1993 ). For each species-habitat combination, we examined histograms of the data using different groupings of distance intervals to select the interval that minimized potential sources of error (e.g., heaping, evasive movement, outliers). We then used Akaike's Information Criterion to select the most parsimonious model to estimate density (Buckland et al. 1993 ). If several models provided similar estimates of density and mean cluster size, we selected the model that provided the best fit near the line (Buckland et al. 1993) . The density of each species was determined separately for each habitat type and survey.
Reproductive Stage
We searched for nests on 219 ha (12.6%) of the study area, including permanent plots and 4 leveed areas (range = 66-147 ha) known to support high nest densities. Nest searches were conducted 3 times (9-23 May, 30 May-13 Jun, and 20 Jun-4 Jul) each year and required 7-10 days to complete. Areas were searched on foot by 2 or more observers spaced 10-m apart. For duck nests, we used number of eggs laid and stage of incubation (Weller 1956 ) to establish nest initiation date by back-dating (Table 1) . We monitored avocet and killdeer nests daily and determined initiation dates of successful nests (>1 egg hatched) by subtracting the number of eggs laid and average incubation time (24 days; Baicich and Harrison 1997) from the hatch date. Because only 7 successful phalarope nests were located during the entire study, we examined the reproductive organs of 25 females collected for nutritional ecology information to determine nest initiation dates (J. H. Gammonley, Colorado Division of Wildlife, unpublished data). Reproductive tracts of collected birds indicated that rapid follicle growth occurred during the last week of May, whereas most birds collected after 10 June were classified as layingpostlaying. Thus, we assigned 4 June as the date of nest initiation during both 1995 and 1996. For ibis, we used the average nest initiation dates determined for the RLSWA colony by previous studies (Schreur 1987) and monitoring data that included the years of our study (R. Ryder, Colorado State University, unpublished data).
We assigned waterbird surveys conducted before and after the date at which 25% of nests were initiated each year to the prenesting and nesting period for avocet, killdeer, teal, gadwall, mallard, and redhead. For phalarope and ibis, we assigned surveys to the prenesting and nesting period based on the date of average nest initiation. Density estimates for the entire wetland complex were computed for each survey by summing estimates from individual habitat types. Density estimates from surveys conducted during the prenesting period were compared with estimates from the nesting period for each species using Mann-Whitney U-tests to determine if mean density differed between the prenesting and nesting periods.
Habitat Selection
We used compositional analysis to determine habitat selection because habitat proportions were not independent (Aebischer et al. 1993). We assigned habitat availability calculated during each sample period to the surveys conducted on the first and last day of the sample period. For each survey, log ratios were constructed for each species by dividing the proportional use and availability of each habitat by the proportional use and availability of SW and transforming the resulting ratios to logarithms. When available habitats were not used, we replaced zero values with 0.001 (a value less than the least nonzero proportion) prior to conducting the analysis (Aebischer et al. 1993). We used multivariate analysis of variance (MANOVA) on the log ratios to determine if habitat use varied from availability (PROC GLM, SAS Institute 1988). Two initial MANOVA tests were conducted to determine whether (1) habitat use varied for each species, and (2) if use differed from availability among the prenesting and nesting periods for each species. When differences were not detected, data were pooled and analyzed across species and-or periods. All tests were considered significant at P < 0.05 using the Wilk's lambda criterion (Johnson and Wichem 1988). Following a significant MANOVA (i.e., nonrandom use), we assigned ranks to each habitat type and used t tests to determine differences among ranks (Aebischer et al. 1993).
RESULTS
We obtained adequate data from line-transect sampling to estimate abundance and determine habitat selection for 3 shorebirds (avocet, killdeer, and phalarope), 4 ducks (teal, gadwall, mallard, and redhead), and 1 wading bird (ibis). Mean densities of mallard, teal, and ibis were greater during the prenesting period than the nesting period, whereas killdeer densities were greater during the nesting period than during the prenesting period (Table 1) . Mean densities of other species did not differ between periods (P > 0.05).
The amount of foraging habitat for each species remained relatively stable within and among sample periods and years. During both years of the study, total available foraging habitat ranged from 228-320 ha for killdeer, 362-440 ha for phalaropes, 461-541 ha for redheads, 490-563 ha for avocets, 610-692 ha for ibis, and 775-867 ha for teal, gadwall, and mallards. Short emergent and US habitats were the most prominent foraging habitats available for all species, accounting for 23-41% and 15-40% of available foraging habitat among periods, respectively. Tall emergent habitats accounted for 19-21% of available foraging habitat for ducks and ibis during all sample periods. In contrast, SW and SG habitats each accounted for <8% of available foraging habitats for individual species, whereas the amount of SPOW habitat available to each species was more variable, ranging from 7-32% among periods (Table 2) .
Vegetation structure within habitat types did not change dramatically during sample periods within a year or among years, but structural differences did occur among habitat types (Table  3 ). In general, mean vegetation density was greatest in TE habitats, followed by US and SE habitats. However, the range of values in 0.25-ha plots indicated vegetation structure varied greatly within each habitat (Table 3) . Similarly, food abundance varied among habitats (Table  4) . Of the habitats sampled, SE habitats had the highest mean invertebrate and seed biomass during all sample periods in 1995. However, the range of biomass values occurring within 0.25-ha plots indicated the distribution of both invertebrates and seeds was patchy within all habitats.
Individual species used foraging habitats in a nonrandom manner (P < 0.05). Differences in use among prenesting and nesting periods were detected for teal (P = 0.048) and redheads (P = 0.004). However, only 4 surveys were conducted during the redhead prenesting period; thus, habitat use by redheads could only be determined for the nesting period. Therefore, habitat use by teal was separated into the prenesting and nesting periods prior to conducting compositional analysis, whereas only habitat use of redheads during the nesting period were analyzed. Remaining species were considered separately, but prenesting and nesting periods were combined.
Compositional analysis indicated overall use of available foraging habitats differed (P = 0.001) among all species. However, there were interspecific and intraspecific similarities in the use of some habitat types. Seasonal wetland was among the most preferred habitat, and US among the least preferred habitat, for all species (Table 2) . Seasonal wetland, SE, and TE were equally preferred by mallards; SW and TE were equally preferred by prenesting teal; and SW and SE were equally preferred by ibis. Semipermanent open water was selected over all other habitats except SW by redheads, and semipermanent open water and SE habitats were selected equally by gadwall and prenesting teal. Avocets, phalaropes, and nesting teal selected SE habitats over all other habitats except SW. Saltgrass was among the least preferred habitats of all species except killdeer, which used SG in similar proportion to SE habitats (Table 2) .
DISCUSSION
Resource selection occurs at a variety of spatial and temporal scales (Johnson 1980, Orians and Wittenberger 1991, Farmer and Parent 1997). Thus, information must be interpreted within a scale-dependent context. We were interested in evaluating selection among habitats within a local-scale wetland complex because wetland conservation and management efforts often occur at this scale. Further, we were interested in understanding how physical variables (i.e., water depth, vegetation structure) that can be directly influenced and effectively monitored by land managers (given time and monetary constraints) influence use by a diverse group of waterbirds.
All species included in our analyses selected among available habitats. However, we only detected differences in habitat selection between the prenesting and nesting periods for teal and redheads. For other species, we suspect that differences in physiological or behavioral requirements between reproductive stages were not sufficient to alter habitat selection at this spatial scale, or our ability to detect temporal differences in habitat use between periods may have been diminished because total area of available foraging habitats, and the contribution of each habitat to total available foraging habitat, changed little between prenesting and nesting periods. In addition, resource selection occurring at other resolutions could also influence the patterns we observed (Wiens 1985) . For example, the density of teal decreased between the prenesting and nesting season at RLSWA, which suggests that some pairs encountered on RLSWA nest elsewhere in the SLV or migrate to more northern breeding sites. Ibis densities also decreased between the prenesting and nesting season. Although RLSWA supports a large breeding colony of ibis (Navo 1989), nesting habitat is limited to 1 stand of emergent vegetation (R. Ryder, Colorado State University, unpublished information). The observed decline in the density of these species may indicate that the breeding population represents only a portion of the population that uses the area as a foraging site. In contrast, the increased density of killdeer during the nesting season and the similarity in prenesting and nesting densities of other species we analyzed suggest most individuals that arrive on RLSWA use the area as a breeding site.
Although habitat selection differed among species, some habitats were preferred (i.e., SW) and avoided (i.e., US) by all species. One hypothesis to explain patterns of foraging habitat selection at RLSWA is that each species selects among available habitats in relation to foraging efficiency (i.e., long-term net energy gain). Individuals that forage efficiently may have higher reproductive success or survival than individuals that forage inefficiently (Lemon and Barth 1992). Based on this hypothesis, the abundance (density, biomass) or profitability (i.e., net energy value/pursuit and handling time; Stephens et al. 1986) of food items used by each species should be higher in more preferred foraging habitats. The diet of ibis, shorebirds, and female waterfowl during the breeding season are composed primarily of invertebrates (Krapu and Reinicke 1992, Skagen and Oman 1996). In our study, mean invertebrate biomass was consistently higher in SE than in the other habitat types. Thus, the high preference of SE by some species indicates food abundance likely was an important criterion in the selection of foraging habitats. However, the preference for SW habitats by all species suggests that factors other than food abundance partially influenced the selection process.
Abiotic factors, such as water depth and vegetation structure relative to the morphology and foraging mode of species, may influence habitat selection patterns (Rundle and Fredrickson 1981 , Fredrickson and Taylor 1982 , Helmers 1992 , Weber and Haig 1996 . Vegetation structure was likely the most important factor in our study because we used water depth to control for differences in habitat availability. The species selected for this study collectively represent a morphologically diverse group with widely varying foraging modes. Phalaropes are aquatic-pelagic gleaners; avocets are aquatic gleaners-sweepers; killdeer are terrestrial-aquatic gleaners; ibis are aquatic gleaners-probers; teal, gadwall, and mallards are aquatic dabblers and surface pickers; and redheads are aquatic divers. Open habitats (e.g., SW, SG, SPOW) that afford visual acuity should be selected by visual foragers (e.g., gleaners) because of increased prey encounters and captures, whereas tactile foragers and divers are impeded less by emergent vegetation and should select habitats with more abundant food regardless of vegetation structure. However, SW was among the most preferred habitats of tactile foragers even though SE habitats contained the greatest total food biomass. Further, TE habitats were among the most preferred habitats of ibis, even though this species forages by sight and tactile probing. Finally, although the preference for SW and complete avoidance of TE by shorebirds appears to conform to this prediction, the high use of SE by shorebirds indicates that overall selection patterns in this study cannot be attributed solely to vegetation structure. Use of SE by shorebirds and TE by ibis occurred primarily along edges and small openings (<0.2 ha) characterized by short vegetation that could not be accurately mapped from aerial photographs. Although Helmers (1992) reported that most shorebirds prefer wetlands with vegetation densities <25% (range = 0-75%), no information was provided regarding the scale at which vegetation density should be considered. Our study suggests that at least some shorebirds and ibis use small openings within vegetated wetlands, and that such openings may be important foraging sites if they occur in habitats that are shallowly flooded and produce abundant invertebrates.
Another hypothesis to explain foraging habitat selection patterns is that behavioral strategies may constrain distribution in relation to features of individual habitats and landscapes. The species we studied vary in mating systems and spacing patterns; traits that have developed to mediate conflicting selective forces, including food, mates, predation risk, and intraspecific and interspecific competition (Anderson and Titman 1992). For example, breeding females must acquire foods to meet the nutritional demands of reproduction, maintain pair bonds, select suitable nesting habitat, and avoid predators. The ability to satisfy these demands within a single habitat type at RLSWA may have been limited because necessary resources were distributed among habitat types.
Estimates of habitat selection may be biased by errors in estimating use or availability. Because line-transect sampling precluded documenting behavior concurrently, we undoubtedly included some individuals that were not foraging. Thus, we had to assume that the proportion of birds foraging in each habitat was similar. In addition, selection of the study area was constrained to public lands; thus, private lands adjacent to RLSWA may have influenced the use of habitats in our study. Finally, habitat selection patterns based on measures of population density may not accurately reflect differences among habitats relative to fitness-related quality (Van Home 1983, Pulliam and Danielson 1991, Pulliam et al. 1992 ). Given these constraints, however, we believe that our measures of habitat selection are useful for generating testable hypotheses and developing predictions about avian responses to management actions.
MANAGEMENT IMPLICATIONS
Management of wetland complexes for a diversity of waterbirds requires understanding patterns of resource use by various species (Fredrickson and Laubhan 1994)
. We detected interspecific differences in patterns of habitat selection among breeding waterbird species. However, all species preferred and avoided some similar habitat types. Typically, shallow, seasonally flooded wetlands that are not vegetated or only sparsely vegetated are recommended for foraging shorebirds (Helmers 1992, Davis and Smith 1998), whereas habitats with greater emergent cover often are used by foraging dabbling ducks (Kaminski and Weller 1992). Our results support these conclusions, but suggest that some shorebird species may use vegetated foraging habitats to a greater extent than typically acknowledged. Also, these wetland types appear to provide beneficial foraging habitats for other waterbirds (e.g., ibis).
Managers can take advantage of similarities in species habitat use to provide multi-species benefits on some sites. Within commonly preferred habitat types, however, species use is segregated based on differences in temporal. use and habitat features at finer scales. For example, nest initiation dates of the species we studied ranged from 25 April to 4 June. Therefore, adequate foraging habitat must be available throughout the entire growing season of the SLV. In addition, although all of the species selected SW, the availability of this habitat to each species was influenced by water depth. Consequently, managers should take a hierarchical approach to providing preferred habitats for target species at multiple spatial and temporal scales (e.g., within a habitat type preferred by several species, provide appropriate water depths for each species at appropriate times).
Hydrology is the single most important factor influencing ecosystem processes in wetlands (Mitsch and Gosselink 1993). In the SLV, changes in hydrology can produce rapid shifts among habitat types at the spatio-temporal resolution (i.e., characteristic plant communities and hydrological patterns) we measured. For example, SW, SG, and US sites that are impounded and flooded for extended periods can quickly convert to SE or TE habitats, depending on timing and duration of flooding, water quality, and soil characteristics. Changes in the amount and spatial arrangement of habitats have the potential to produce significant changes in the abundance, distribution, and species composition of birds on wetland complexes (Weller and Spatcher 1965, Kaminski and Prince 1981). Consequently, water management plans designed to benefit target species must be carefully considered relative to the entire avian community and, more importantly, the ability to maintain the presence and long-term productivity of individual habitat types. All habitats, with the possible exception of US habitats, provided foraging resources to some waterbird species during our study. To maximize foraging opportunity for the greatest diversity of waterbirds, managers should ensure that portions of all habitats are flooded to depths that permit access to foods. In relation to the topography of RLSWA and the waterbirds evaluated in our study, maximum depths < 10 cm in at least some temporary and seasonal wetlands would result in available habitat for all species. Further, to maintain existing habitat diversity, SG and SW habitats should be temporarily and seasonally flooded, respectively, to minimize the potential for development of taller, more robust vegetation communities. Thus, water level manipulations (drawdown, flooding) in these habitats should be timed to coincide with migration, prenesting, or nesting periods to maximize food availability. Because the breeding season on RLSWA extends throughout the growing season, manipulations should be conducted at staggered intervals on multiple wetlands. In some years, a single basin dominated by saltgrass or open water could be used to provide foods throughout the spring migration and reproductive periods of all waterbirds considered in our study. However, shallow flooding of a single basin for consecutive growing seasons may reduce the value of the wetland as a foraging site in future years by causing undesirable changes in the composition and structure of plant communities. Finally, although US habitats were the least preferred foraging habitat, conversion to other types (e.g., SW, SE) should be carefully considered because of the potential value of US habitats for meeting other life-cycle requirements of waterbird species evaluated in our study. 
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